are noteworthy for their wide geographical distribution and abundance. They occupy a wide range of ecological niches due to their physiological plasticity, and their role in nutrient cycling and energy flow in aquatic ecosystems (COVICH et al. 1999) . The biological characteristics of chironomids enable their use in different types of studies, such as population dynamics (BEAUDOUIN et al. 2012) , ecological interactions (FROUZ et al. 2009 , HENRIQUES-OLIVEIRA & NESSIMIAN 2009 ), taxonomy (TRIVINHO-STRIXINO 2011 , as indicators of environmental impact (DI VEROLI et al. 2012) and as test-organisms in toxicity bioassays (U.S. ENVIRONMENTAL PROTECTION AGENCY 2000) . In order to implement those studies, it is important to ascertain the age composition of the population under study, which depends on the ability to discriminate among the larval instars (DI VEROLI et al. 2008) .
The development of immature Chironomidae can be influenced by various environmental factors such as temperature, photoperiod, availability and quality of food (STRIXINO & TRIVINHO-STRIXINO1985, CANTEIRO & ALBERTONI 2011 , population densities (MCLACHLAN 1977 , KAJAK & PRUS 2001 and interactions with chemicals (DI VEROLI et al. 2012 ). However, even under different temperature regimes, it is possible to discriminate among instars using the dimensions of the head capsule (STEVENS 1993) .
Morphometry is a widely used tool in the determination of insect instars (DALY 1985) . The dimensions most commonly used to determine the number of larval instars is the width (ECOLE et al. 1999 , SILVA et al. 2008 or the length of the head capsule from ventral view (MCCAULEY 1974 , TRIVINHO-STRIXINO & STRIXINO 1982 . However, the compression caused by the process of slide mounting changes some of the head's measurements (FORD 1959) . In Chironomidae, a number of studies have been able to ascertain the number of instars based mainly on the length of the head capsule from ventral view (FORD 1959 , MCCAULEY 1974 , TRIVINHO-STRIXINO & STRIXINO 1982 , STEVENS 1993 , but the antennae, mandibles (FORD 1959) and mentum (FROUZ et al. 2002) have also been used for this purpose.
With the intention to verify whether the dimensions of other structures beyond the length of the head capsule from ventral view assist in the identification of larval instars of Chironomidae, we endeavored to determine the instars of Chironomus sancticaroli using morphometric measurements of the antennae, mandibles, mentum and ventromental plates.
MATERIAL AND METHODS
The organisms were obtained from a colony maintained in the Laboratory of Medical and Veterinary Entomology, Uni- Strixino & Strixino, 1981 . The larvae were reared in the laboratory under constant temperature (25°C) and photoperiod of 12/12 hours for 19 days, with a supply of food. Fifteen larvae were removed randomly every day, cleared in KOH, and slide-mounted, and had the antennae, mandibles, mentum and ventromental plates measured. The dimensions of the four structures studied allowed us to statistically distinguish each of the four larval instars. The data fit an exponential equation according to the Brooks-Dyar rule, which allows an estimate of the larval instar of specimens collected in the field, even when development takes place under different conditions. The duration of each instar was also obtained from our data, and showed an overlap of instars during development.
Determination of larval instars in
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versidade Federal do Paraná (UFPR). This colony has approximately 20 generations in the laboratory and has been maintained following the protocol of MAIER et al. (1990) , with changes in temperature (25°C ± 2°C), photoperiod (12 hours light/12 hours dark) and humidity (70% ±10%). Egg masses containing 500-1000 eggs were placed in trays with four liters of water and 0.1g of macerated TetraMin feed per week. When the larvae started to hatch, we removed 15 individuals randomly every day. We did this until the last larvae reached the pupal stage, about 19 days later. The larvae were stored in vials which were labeled with the date, in 70% alcohol.
For the semipermanent mounting, we removed each larva from the 70% alcohol and placed it in 6% potassium hydroxide (KOH) at 50°C. Larvae of the first, second, third and fourth instars were cleared, respectively, for 30 minutes, two, four and six hours. Subsequently, the larvae were mounted on slides with the ventral side facing up, with glycerin and absolute ethanol in a 3:1 ratio and sealed with nail polish.
The structures used for morphometric analysis were: antennae, mandibles, mentum and ventromental plates. The length of head capsule from ventral view was used to compare the results. Linear measurements from fixed points were taken directly using a minute reading eyepiece coupled with an optical microscope, performing the required conversions (Figs 1-5). At least ten larvae were measured each day, totaling 240 measurements per structure at the end of the 19 days of the experiment. Measurements were not obtained only from larvae in their first day, because the recently hatched larvae remained in the mucilaginous substance of the ovigerous mass, feeding. This made it impossible to capture them for analysis. The voucher specimens were deposited in the Coleção Entomológica Padre Jesus Santiago Moure (DZUP), Universidade Federal do Paraná, Curitiba, Paraná, Brazil.
Analysis of variance (One-way ANOVA) using metric data was generated and the Tukey's post test was applied to verify the significance of the differences in measurements among the instars. To estimate the duration of instars, we plotted the days (x axis) and length of the structure (y axis) on a graph. To ascertain whether the growth of the structures is consistent with the Brooks-Dyar rule (DALY 1985) , the average size of the structures were converted to values of ln, and a linear regression was performed with respect to the instar, obtaining an exponential equation (x = measure of structure mm and y = number instar) that makes it possible to estimate the instar of the insect using the size of a sclerotized structure (DYAR 1890 , HUTCHINSON & TONGRING 1984 . The average rate of growth was computed as a ratio, which was calculated from the measurement of a structure of a given instar divided by the measurement of the same structure in the previous instar; then, an average was calculated between the three ratios obtained for each structure. 
RESULTS
The measurements of the antennae, mandibles, mentum and ventromental plate allowed us to distinguish the four larval instars without overlap of values (Table I ). Significant differences were revealed by the analysis of variance (One-way ANOVA, p < 0.001) (Figs 6-10) .
The duration of each instar, taking into account the measurements of all structures, each day, was similar for the 1 st , 2 nd , 3 rd and 4 th instars, respectively, from the first to the third day of the cycle, the fourth to the fifth day, the fifth to the eighth day, and the sixth to the 19 th day, indicating that, from daily measurement of any structure, we can be obtain the duration of the instars under laboratory conditions.
The measures of central tendency and dispersion of the values of the structures of the head capsule have enabled us to obtain exponential equations, showing that growth in C. sancticaroli follows a pattern of geometric progression according to the Brooks-Dyar rule. It is possible, from the measurement of an structure, to identify the stage of the immature instars of this species in laboratory and field conditions, as well as to obtain the average rate of growth of instars (Table II) .
DISCUSSION
We were able to determine that C. sancticaroli has four larval instars, and that those instars can be identified using morphometric data of five different head capsule structures. The occurrence of four instars is probably universal for chironomids (OLIVER 1971), having been reported for Tanypodinae, Diamesinae, and Orthocladiinae and Chironominae (FORD 1959 , THIENEMANN 1954 , CANTEIRO & ALBERTONI 2011 . However, there are records of smaller and greater numbers of instars in Orthocladiinae (FORD 1959) and of five instars in Tanypodinae (STYCZYNSKI & RAKUSA-SUSZCZWSKI 1963) .
The antennae, mandibles, mentum and ventromental plates of C. sancticaroli undergo morphological changes during ontogeny. These changes, however, do not influence the dimensions of these structures. Furthermore, we suggest an alternative way to ascertain the larval instars: the variation in the number of striae present on the ventromental plates. This method makes it unnecessary to use morphometric data, as in the present study (REBECHI & NAVARRO-SILVA 2012) . Beyond the length of the head capsule from ventral view, measurements of the antennae, mandibles, mentum and ventromental plates are efficient alternatives for the determination of the larval instars, as found by FORD (1959) for antennae and mandibles of Clinotanypus nervosus Meigen, 1818; Anatopynia trifascipennis Zetterstedt, 1838 and Procladius choreus Meigen, 1804 and by FROUZ et al. (2002) for the mentum of Chironomus crassicaudatus Malloch, 1915 and Glyptotendipes paripes (Edwards, 1929) . Among the possible alternatives used, the mentum offers the best option, because it is easy to observe without clearing. It is also difficult to break due to the strong sclerotization. Furthermore, if it is necessary to maintain the larva alive, or whole, as in the case of slide mounting, the antennae can be used, as they project beyond the capsule and the entire antennal structure is visible when the larva is positioned laterally. Factors such as the temperature, photoperiod, high population density, quantity and quality of food can alter the development and size of insects (CANTEIRO & ALBERTONI 2011). When comparing the results of this study with those obtained by TRIVINHO-STRIXINO & STRIXINO (1982) for the same species, under different experimental conditions such as temperature (19-26°C (ambient)), larval density (100 larvae/pan), photoperiod (ambient), quantity (0.4 g/week) and type of (Avemicina-Purina) food, we found significant differences in the length of the larval development, but the length of the head capsule from ventral view was consistent for each instar. Therefore, abiotic factors may influence mainly the duration of the larval stages, but do not affect the dimensions of the head capsule sufficiently that the instars can not be separated. It is likely that these factors also do not affect the the antennae, mandibles, mentum and ventromental plate, and that they can still be used to discriminate instars in the Chironomidae. Larvae of Chironomus tepperi Skuse, 1889, both in the field and reared in the laboratory at 17.5 and 25.0°C (six generations), had head capsules of similar sizes, i.e., temperature variations did not cause a difference in the measurements of the instars. These results suggest that laboratory studies can be applied in the field (STEVENS 1993) .
In the fourth instar of C. sancticaroli larvae, there is a greater dispersion of values around the average when compared with other instars. This may be due to sexual dimorphism in size, as females are usually larger than males (FORD 1959 , ATCHLEY & MARTIN 1971 , STEVENS 1993 , FROUZ et al. 2002 .
All five structures studied on the head capsule of C. sancticaroli grow exponentially throughout the larval development. There is no overlap in the dimensions of those structures which allows statistical differentiation between the four instars. Even when the duration of the instars overlapped, those measurements were sensitive enough to detect the desynchronization during the ontogeny of C. sancticaroli. These structures make it possible to identify the larval instars even when the cephalic capsule breaks and its proportions become distorted, as well as to use alive or intact larvae.
